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1 Title of Invention 
5 A semiconductor manufacturing apparatus and its cleaning method 

? Scope of Claims 

(1) A semiconductor manufacturing apparatus comprising means for 
depositing a gaseous silicon compound by plasma reaction, means for 
removing said deposits adhered on inner walls of the apparatus and a 

10 substrate holder or the like by a plasma reaction of a gaseous carbon fluoride 
compound, and means for generating a plasma of an inert gas such as argon. 

(2) A method of cleaning a semiconductor manufacturing apparatus 
comprising after decomposing a gaseous silicon compound by a plasma 
reaction, removing said decomposed material adhered on inner walls of the 

1 5 apparatus by a plasma reaction of a gaseous carbon fluoride compound, and 

generating a plasma of an inert gas such as argon. 

1 Detailed description of invention 

The present invention relates to a manufacturing apparatus for forming 
amorphous silicon (hereinafter, a-Si) by plasma reaction using a raw material 

2 0 gas such as SiH 4 , S1F4 and to a cleaning method thereof. The object of the 

present invention is to propose a manufacturing apparatus and a cleaning 
method therefor, which apparatus has a capability of producing 
photoconductive elements and photovoltaic elements using a Si materials 
with a good repeatability. 
15 In a conventional manufacturing apparatus of a-Si, the a-Si sticking on 

the inner walls of the apparatus was wiped after the deposition thereof, 
otherwise, another a-Si was deposited without taking particular treatments. 
When a same reaction tube is used plural times, the a-Si sticking on the 


1 


characteristics seriously. Although the reaction tube may be substituted, this 
is not suitable for production since it is time consuming for substituting the 
reaction tube and for degassing it. 

Also, a conventional silicon nitride film (Si 3 N 4 hereinafter) formed by a 
5 plasma reaction followed by a plasma reaction etching for cleaning is in the 
market In this case, the etching is conducted with a carbon fluoride 
compound. This is the same as the method of the present invention except 
for an Ar plasma treatment. However, the S13N4 film is often used as an 
insulating film for protecting a semiconductor and the required 

10 characteristics for such a case is mainly an insulating property. On the other 
hand. a-Si films are mainly used for photoconductive elements or 
photovoltaic elements or the like so that the required properties are 
photoconductive characteristics, photovoltaic characteristics. In particular, 
the photovoltaic characteristics are greatly deteriorated due to 

15 contaminations with carbon and oxygen. Since the contamination with 
carbon and oxygen is remarkable when etching with a carbon fluoride series 
gas, the cleaning of the a-Si manufacturing apparatus did not utilize the 
carbon fluoride series gas. 

In the present invention, while a carbon fluoride compound gas is used 

2 0 for etching to keep clean the manufacturing apparatus, the present invention 
proposes a manufacturing apparatus and a cleaning method thereof for 
obtaining photoconductive elements and photovoltaic elements without 
deterioration of characteristics due to the cleaning. 

One embodiment of the semiconductor device manufacturing apparatus 

2 5 of the present invention will be described with reference to the drawing 

below. 

The drawing shows a semiconductor manufacturing apparatus using 
glow discharge, to which the present invention is adopted. An electric power 
is supplied from a power source 2 to a counter electrode 3 in order to 

3 0 generate a glow discharge in a bell jar 1. A substrate 4 covered with a 

suitable mask is mounted on a sample holder 5 having a heater therein for 
heating the substrate. Raw material gases such as SiH 4 or S1F4 arc introduced 
into an apparatus 1 from an introduction port 6. After depositing a-Si and 
taking out the substrate, a mixture gas of carbon fluoride and oxygen, for 
3 5 example, is introduced from an introduction port 7 and the a-Si inside the 
apparatus 1 - etched *ft*r rlorinr if* etching <ufficienMv \r - , ^,nvc 


2 


1 0 
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port 8 in order to generate a glow discharge of Ar. which is the present 
invention Bv this glow discharge, the contaminants of carbon and oxygen 
can be removed, which has remained as a result of etching a-S. by 
introducing the mixture gas of carbon fluoride and oxygen. The power of the 
glow discharge is usually larger than the power for depositing a-S. and 
approximately same as the power for the etching. The degree of vacuum 
should be better than that for the deposition of the a-Si. The time should be 
from 1 minutes to 30 minutes although it relates to an etching time. The 
standard for stopping the discharge is the change of the color and the 
condition of the discharge. Namely, when the inside of the apparatus is 
contaminated with oxygen and carbon, the discharge looks white and 
expands. After the glow discharge with Ar, the expansion of the discharge 
rf ,H„r« and th«. rnlor becomes purplish red. Table 1 shows how an average 
characteristics of the photovoltaic elements is improved by the glow 
discharge of Ar. This table includes the characteristics in the case of 
removing the a-Si inside the reaction tube merely by wiping. In this case, 
since the number of pinholes is large, that is. since many elements are short 
circuited, it is difficult to obtain an average value. Therefore, an average 
value for only the correctly functioning elements without pinholes is shown. 



short circuit 
current density 

open voltage 

curve 
factor 

efficiency 

present invention 

11.6 m A/cm ^ 

761 mV 

0.620 

5.62% 

without Ar glow 
discharge 

10.5 mA/cm2 

758 mV 0.602 

i 

4.92% 

without etching 

11.8 mA/cra2 ! 755 mV 10.611 

5.59% 

1 


2 0 Table 1) 

Major characteristics under an illumination of 97.3 mW/cm^ solar light 

By doing the Ar glow discharge in this way, the entire characteristics can 
be improved by 10% as compared with the elements without do.ng the Ar 
glow discharge. Further, it is noted that the characteristics are 
i 5 approximately the same as the average characteristics of those having no p.n 


3 


The probability of the short circuit due to the pin holes in the case of not 
etching the apparatus was 10 to 50 % although it greatly depends upon cases. 

As mentioned above, the present invention can propose a semiconductor 
manufacturing apparatus and a cleaning method thereof, which apparatus 
can produce photovoltaic elements or the like with a small possibility of 
short circuits due to pin holes and having a good characteristics. Therefore, 
the present invention has a large industrial value. 

4. Brief explanation of drawing 

The drawing shows an embodiment of the present invention. 


1 0 1: bell jar 

2: power source 

3: counter electrode 

4: substrate 

5: sample holder 

1 5 6: raw material gas introducing port 

7: etching gas introducing port 

8: Ar introducing port 
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